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RESEARCH LETTER
MRI ventilation abnormalities
predict quality-of-life and lung
function changes in mild-to-
moderate COPD: longitudinal
TINCan study
ABSTRACT
COPD biomarkers are urgently required for
clinical trials of new therapies. We evaluated the
longitudinal change and relationship of MRI and
CT biomarkers of COPD with St. George's
Respiratory Questionnaire (SGRO) and FEV1
worsening over 30 months. Among imaging
biomarkers, only the longitudinal change in MRI
ventilation defect percent (VDP) was greater in
ever-smoker (n=34/p<0.05) and COPD
(n=48/p<0.0001) subgroups compared with
never-smokers (n=42). Only the longitudinal
change in VDP was correlated with change in
SGRQ (r=0.26/p=0.03), and only baseline VDP
predicted longitudinal change in
SGRQ>minimum clinically important difference
(p=0.047) in mild-to-moderate COPD. These
data strongly support the use of MRI
intermediate endpoints in COPD studies.
Trial Registration Number NCT02723474;
Status: Recruiting.
INTRODUCTION
COPD is a growing public health problem
projected to overwhelm healthcare
systems.1 This is motivating the develop-
ment of new, sensitive COPD biomarkers
that can be used in clinical trials as inter-
mediate study endpoints.
CT biomarkers of emphysema (15th
percentile of the CT density histogram,
HU15%) and airways disease (wall thickness
of airways with 10 mm internal perimeter,
Pi10) have shown promise for providing
prognostic information.2 Although recent
data3 showed that the change in CTemphy-
sema may be used to estimate the efficacy of
therapy in patients with α-1-antitrypsin-
deficiency, thus far none of the currently
developed CT biomarkers have been shown
to reflect changes in outcomes that are
important to patients with COPD. MRI
with inhaled noble gases provide highly
sensitive and unique microstructural and
functional information in COPD.4 MRI
biomarkers of COPD are highly reprodu-
cible,5 are associated with COPD out-
comes6 and detect changes with greater
sensitivity and before disease-related
changes can be detected by CTor FEV1.
7–9
Here we evaluated longitudinal changes
in both CT and MRI measurements of
COPD. Based on previous longitudinal
results,8 10 we hypothesised that 3He MRI
biomarkers would predict quality-of-life
and FEV1 changes in COPD, and that lon-
gitudinal changes in MRI biomarkers
would be correlated with changes in
COPD quality-of-life measures.
METHODS
The Thoracic Imaging Network of Canada
(TINCan) was a single centre, prospective
longitudinal study. Participants aged
40–85 years that were never-smokers,
current/ex-smokers without airflow
Figure 1 MRI ventilation and apparent diffusion coefficient (ADC) maps as well as CT density
masks (<−950 HU in yellow) for representative ever-smoker, mild (GOLD I) and severe (GOLD III)
COPD participants at baseline and follow-up. Ever-smoker (BL/FU): 72/75-year-old female
ex-smoker, FEV1=96/94%pred, FEV1/FVC=88/85%, DLCO=54/62%pred, VDP=5/6%,
ADC=0.34/0.35 cm2/s, LAA950=1/2%, HU15%=−899/−901 HU. Mild COPD (BL/FU): 76/78-year-old
male ex-smoker, FEV1=77/75%pred, FEV1/FVC=57/58/%, DLCO=70/87,VDP=8/14%, ADC=0.30/
0.32 cm2/s, LAA950=2/3%, HU15%=−895/−914 HU. Severe COPD (BL/FU): 67/69-year-old female
ex-smoker, FEV1=37/33%pred, FEV1/FVC=38/39%, DLCO=21/28%pred, VDP=34/44%, ADC=0.51/
0.52 cm2/s, LAA950=33/37%, HU15%=−974/−978 HU. BL, baseline; FU, follow-up; GOLD, Global
Initiative for Chronic Obstructive Pulmonary Disease; VDP, ventilation defect percent.
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limitation (ever-smokers) and COPD were
enrolled. All participants underwent two
visits prospectively planned 2.5 years apart.
Details regarding the study participants, pul-
monary function tests, imaging acquisition/
analysis and statistical analysis are provided
in online supplementary panel S1.
RESULTS
Baseline demographic and clinical character-
istics for all 124 participants (n=42 never-
smokers, n=34 ever-smokers and n=48
patients with COPD of which n=38 were
mild to moderate) are provided in online
supplementary table S1 and described in
online supplementary panel S2. The mean
time between baseline and follow-up for all
participants was 29±5 months.
Figure 1 shows representative baseline
and follow-up MRI ventilation and apparent
diffusion coefficient (ADC) maps as well as
CT density masks for an ever-smoker, and
patients with mild and severe COPD. The
longitudinal changes in imaging biomarkers
are described in online supplementary panel
S3 and summarised in online supplementary
table S2 and figure S1; all COPD subjects
and the mild-to-moderate subgroup were
evaluated separately. The magnitude of
the longitudinal change was greater in
ever-smoker (p<0.05), mild-to-moderate
(p=0.001) and all COPD (p<0.0001) sub-
groups than in never-smokers for ventilation
defect percent (VDP), but not for ADC,
HU15% or Pi10.
The relationship between the longitu-
dinal change in SGRQ and FEV1 with the
change in imaging measurements is shown
in online supplementary table S3. The lon-
gitudinal change in SGRQ was significantly
correlated with the longitudinal change in
VDP (r=0.26, r2=0.09, p=0.03), but not
for ADC, HU15% or Pi10.
Although the magnitude of the SGRQ
change was not significantly greater at
follow-up in any of the subgroups investi-
gated (see online supplementary figure S1),
the longitudinal SGRQ change>minimum
clinically important difference (MCID)
was reported in several COPD participants
(24%). Table 1 and online supplementary
table S4 show the results of multivariate
modelling for baseline imaging predictors
of SGRQ change >MCID, as well as
the annual and accelerated change in
FEV1. In mild-to-moderate COPD, only
baseline VDP significantly predicted the
longitudinal change in SGRQ>MCID
(p=0.047). Both MRI and CT biomarkers
significantly predicted annual (VDP/
p=0.003; ADC/p=0.02; Pi10/p=0.02)
and accelerated FEV1 change (VDP/
p=0.009; ADC/ p=0.004; HU15%/
p=0.01; Pi10/p=0.03).
DISCUSSION
FEV1 is still the most commonly used
endpoint in COPD clinical trials which
often require large sample sizes and
long follow-up times to enable the detec-
tion of significant responses to therapy.
Moreover, in clinical trials using CT,
which may provide a more direct meas-
urement of COPD pathology, there are a
lack of studies showing that currently
developed CT biomarkers reflect changes
in patient-relevant outcomes. This moti-
vated the development of TINCan—the
first prospective study to longitudinally
investigate both functional MRI and CT
biomarkers as predictors of clinical out-
comes in patients with COPD.
As might be expected due to the small
sample size, the change in FEV1 was not
Table 1 Regression models for annual and accelerated FEV1 change and change in SGRQ>MCID
Ever-smoker n=34 Mild-to-moderate COPD n=38 All COPD n=48
Standardised estimate p Value Standardised estimate p Value Standardised estimate p Value
A. Change in SGRQ>MCID
Model 1: VDP −69.28 0.41 0.82 0.047 0.97 0.02
FEV1 −12.28 0.46 0.07 0.89 0.15 0.72
Model 2: ADC 0.56 0.26 1.08 0.07 0.53 0.11
FEV1%pred −0.88 0.32 −0.72 0.14 −0.30 0.35
Model 3: HU15% −0.99 0.11 −2.83 0.06 −1.89 0.01
FEV1%pred −0.87 0.30 0.02 0.97 0.06 0.89
Model 4: Pi10 0.40 0.36 0.03 0.95 −0.13 0.65
FEV1%pred −0.78 0.31 −0.63 0.18 −0.45 0.16
B. Annual change in FEV1
Model 1: VDP −0.03 0.89 −0.58 0.003 −0.56 0.006
FEV1 −0.44 0.17 −0.45 0.04 −0.44 0.04
Model 2: ADC 0.25 0.31 −0.40 0.02 −0.43 0.007
FEV1%pred −0.45 0.14 −0.15 0.44 −0.23 0.16
Model 3: HU15% 0.15 0.47 0.23 0.27 0.32 0.09
FEV1%pred −0.41 0.19 −0.11 0.61 −0.17 0.32
Model 4: Pi10 −0.01 0.95 −0.43 0.02 −0.35 0.03
FEV1%pred −0.45 0.15 −0.19 0.34 −0.17 0.31
C. Change in FEV1>40 mL/year
Model 1: VDP −0.34 0.16 1.26 0.009 0.98 0.007
FEV1 0.42 0.24 0.65 0.11 0.59 0.08
Model 2: ADC −0.15 0.58 1.07 0.004 0.75 0.007
FEV1%pred 0.29 0.39 0.20 0.53 0.17 0.50
Model 3: HU15% −0.45 0.09 −1.12 0.01 −1.12 0.006
FEV1%pred 0.19 0.58 0.19 0.55 0.27 0.31
Model 4: Pi10 0.02 0.91 0.55 0.03 0.38 0.07
FEV1%pred 0.28 0.39 0.05 0.85 0.07 0.76
Models adjusted for age, sex, body mass index, smoking status and pack-years.
ADC, apparent diffusion coefficient; MCID, minimum clinically important difference; VDP, ventilation defect percent.
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significantly different between patient sub-
groups, nor was the change in CT mea-
surements. The finding that the change in
ADC was not significantly different
between subgroups was also not surpris-
ing, and was likely related to the fact that
ADC can only be measured in well-
ventilated lung; this means that lung
regions without inhaled gas (ie, ventilation
defects) cannot report ADC values and
this can drive an inherent bias towards
more normal ADC measurements at
follow-up.
VDP was the only imaging biomarker
in which the longitudinal change was
greater in patients with COPD than never-
smokers. This is consistent with previous
work8 10 and suggests that only MRI ven-
tilation abnormalities differentiated
disease-related worsening from age-related
decline. MRI ventilation abnormalities
and their worsening over time likely
reflect lung regions that trap gas via a
fixed obstruction or have long time con-
stants for filling/emptying. Taken together
with other studies,7–9 our findings suggest
that MRI ventilation abnormalities are
visualised and detected before CT struc-
tural changes—an important observation
that can reduce the size and duration of
COPD clinical trials.
In order for a biomarker to be validated
as an intermediate endpoint, regulatory
authorities require that changes in biomar-
kers correlate with changes in clinical out-
comes. Remarkably, VDP was also the
only imaging biomarker for which the
longitudinal change was correlated with
the longitudinal change in SGRQ. Perhaps
more importantly, in the patients with
mildest COPD, only MRI biomarkers pro-
vided prognostic information and pre-
dicted the longitudinal change in clinically
relevant quality-of-life measures.
A very important limitation in this study
is that only two time points were evalu-
ated. Including a third time point would
add strength to our study and to the
conclusions drawn. Other limitations
of our study are described in online
supplementary panel S4.
The growing burden of COPD and
dearth of new treatments demands aggres-
sive and targeted development of more
sensitive COPD intermediate endpoints.
Our findings show that the change in
MRI ventilation defects over time may
represent a ‘canary in the coal mine’ that
signals future changes in clinical out-
comes, even in mild patients and even
when FEV1 and CT biomarkers cannot
detect these occurrences. As in coal
mining, COPD treatment trials might con-
sider the utility of a ‘canary’ to serve as
an intermediate endpoint.
Miranda Kirby,1 Rachel L Eddy,2,3
Damien Pike,2,3 Sarah Svenningsen,2,3
Harvey O Coxson,1 Don D Sin,1
David G McCormack,4 Grace Parraga,2,3
for the Canadian Respiratory Research Network
1Centre for Heart Lung Innovation, University of British
Columbia, Vancouver, Canada
2Robarts Research Institute, The University of Western
Ontario, London, Canada
3Department of Medical Biophysics, The University of
Western Ontario, London, Canada
4Division of Respirology, Department of Medicine,
The University of Western Ontario, London, Canada
Correspondence to Dr Grace Parraga, Robarts
Research Institute, 1151 Richmond St N, London,
ON N6A 5B7, Canada; gparraga@robarts.ca
Acknowledgements MKacknowledges postdoctoral
fellowship funding from the Canadian Institutes of
Health Research Banting Scholarship and the IMPACT
CIHR Strategic Training Program. GP gratefully
acknowledges support from a CIHR New Investigator
Award.
Collaborators Canadian Respiratory Research
Network.
Contributors MK, RLE, DP and SS made substantial
contributions to the design of the study, the analysis
and interpretation of data, drafting and revising the
manuscript critically for important intellectual content
and final approval of the manuscript version to be
published. HOC, DDS and DGMcC made substantial
contributions to the interpretation of data, to revising
the manuscript critically for important intellectual
content and they provided final approval of the
manuscript version submitted for publication.
GP made substantial contributions to the design
of the study, the analysis and interpretation of data,
drafting and revising the manuscript for important
intellectual content, final approval of the manuscript
version to be published and has agreed to be
accountable for all aspects of the work, ensuring
that questions related to the accuracy or integrity
of any part of the work are appropriately investigated
and resolved.
Funding This study was also supported in part by a
Canadian Institutes of Health Research (CIHR) Team
Grant (CIF# 97687) and the Canadian Respiratory
Research Network (CRRN). CRRN is supported by
grants from the CIHR—Institute of Circulatory and
Respiratory Health, the Canadian Lung Association
/Canadian Thoracic Society, the British Columbia Lung
Association, Boehringer-Ingelheim Canada, AstraZeneca
Canada and Novartis Canada.
Competing interests None declared.
Patient consent Obtained.
Ethics approval Health Canada.
Provenance and peer review Not commissioned;
externally peer reviewed.
Data sharing statement Requests for data can be
made to the corresponding author.
▸ Additional material is published online only. To view
please visit the journal online (http://dx.doi.org/
10.1136/thoraxjnl-2016-209770).
REFERENCES
1 Khakban A, Sin DD, FitzGerald JM, et al. Ten-year
trends in direct costs of COPD: a population-based
study. Chest 2015;148:640–6.
2 Johannessen A, Skorge TD, Bottai M, et al.
Mortality by level of emphysema and airway wall
thickness. Am J Respir Crit Care Med
2013;187:602–8.
3 Chapman KR, Burdon JGW, Piitulainen E, et al.
Intravenous augmentation treatment and lung
density in severe α1 antitrypsin deficiency (RAPID):
a randomised, double-blind, placebo-controlled trial.
Lancet 2015;386:360–8.
4 Kauczor HU, Ebert M, Kreitner KF, et al. Imaging
of the lungs using 3He MRI: preliminary clinical
experience in 18 patients with and without lung
disease. J Magn Reson Imaging 1997;7:538–43.
5 Mathew L, Evans A, Ouriadov A, et al.
Hyperpolarized 3He magnetic resonance imaging
of chronic obstructive pulmonary disease:
reproducibility at 3.0 tesla. Acad Radiol 2008;15:
1298–311.
6 Kirby M, Pike D, Coxson HO, et al. Hyperpolarized
3He ventilation defects used to predict pulmonary
exacerbations in mild to moderate chronic obstructive
pulmonary disease. Radiology 2014;273:887–96.
7 Fain SB, Panth SR, Evans MD, et al. Early
emphysematous changes in asymptomatic smokers:
detection with 3He MR imaging. Radiology
2006;239:875–83.
8 Kirby M, Mathew L, Wheatley A, et al. Chronic
obstructive pulmonary disease: longitudinal
hyperpolarized 3He MR imaging. Radiology
2010;256:280–9.
9 Kirby M, Owrangi A, Svenningsen S, et al. On the
role of abnormal DLCO in ex-smokers without airflow
limitation: symptoms, exercise capacity and
hyperpolarised helium-3 MRI. Thorax
2013;68:752–9.
10 Diaz S, Casselbrant I, Piitulainen E, et al. Progression
of emphysema in a 12-month hyperpolarized
3He-MRI study: lacunarity analysis provided a more
sensitive measure than standard ADC analysis. Acad
Radiol 2009;16:700–7.
477Thorax May 2017 Vol 72 No 5
Research letter
To cite Kirby M, Eddy RL, Pike D, et al. Thorax 
2017;72:475–477.
Received 22 November 2016
Revised 8 February 2017
Accepted 9 February 2017 
Published Online First 3 March 2017
Thorax 2017;72:475–477.  
doi:10.1136/thoraxjnl-2016-209770
Acquisitions Unit. Protected by copyright.
 o
n
 M
arch 2, 2020 at Univ O
f W
est O
ntario G
STR101749364 Serials
http://thorax.bmj.com/
Thorax: first published as 10.1136/thoraxjnl-2016-209770 on 3 March 2017. Downloaded from 
